Without repeating all the points listed below, the more fundamental issues refer to the need to convincingly demonstrate the validity and the generality of the major conclusions. Please refer to the comments of reviewers #1 and #3 for a detailed description of the points that need to be addressed.
Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the three referees who agreed to evaluate your manuscript. As you will see from the reports below, the reviewers acknowledge that your work is addressing a potentially interesting topic. However, they raise a series of concerns, which should be carefully addressed in a revision of the manuscript.
Without repeating all the points listed below, the more fundamental issues refer to the need to convincingly demonstrate the validity and the generality of the major conclusions. Please refer to the comments of reviewers #1 and #3 for a detailed description of the points that need to be addressed.
On a more editorial level, as the reviewers have suggested, the manuscript needs to be carefully rewritten in order to make the key findings and major conclusions easily accessible. Moreover, I would like to ask you to deposit the proteomics data in the appropriate public databases. (Additional information is available in the "Guide for Authors" section in our website at <http://www.nature.com/msb/authors/index.html#a3.5.2>.) Please include the links and accession numbers in the "Data Availability" section of your manuscript.
If you feel you can satisfactorily deal with these points and those listed by the referees, you may wish to submit a revised version of your manuscript. Please attach a covering letter giving details of the way in which you have handled each of the points raised by the referees. A revised manuscript will be once again subject to review and you probably understand that we can give you no guarantee at this stage that the eventual outcome will be favorable.
REFEREE REPORTS Reviewer #1
The authors employ a metabolic labeling-based approach to explore protein synthesis and degradation rates in two cell-based differentiation models: the THP1 monocyte cell system and the C2C12 myoblast cell system. In the first part of the manuscript, they characterize their systems, largely confirming previous observations, for instance regarding the effect of protein disorder and protein abundance on protein stability. They next perform PCP SILAC and size exclusion chromatography to explore the relative synthesis/degradation rates for protein complex components. They next investigate the correlation between transcriptome and proteome, and model the control of protein expression to finally conclude that protein synthesis is intensively regulated in differentiating cells.
Perhaps the most important contribution here is the generation of the dataset itself: there is currently very little data available that provide global information regarding the rates of synthesis and degradation in mammalian cell systems, especially during processes such as differentiation, which is what is being done here. As such, the entire mass spectrometry data should be make fully available, alongside proper experimental annotation, perhaps via the ProteomeXchange consortium.
The analytical parts of the manuscript are in general less interesting, perhaps due to the large number of different (and often confirmatory) points that the authors are making throughout. The presentation of the results is confusing, which makes it very difficult to truly evaluate the quality/novelty/significance of the manuscript. Often times, the authors are making fairly vague statements, which should be better quantified and described. In particular, the novelty aspects should be better stated here.
If the manuscript were to be considered for publication, I would recommend a major effort at rewriting the it (and making it much shorter), and increasing the quality/clarity of the figures and tables.
There are also other issues with the manuscript:
1) The analysis of co-regulation of turnover rates for proteins in complexes seems like a different (disconnected) story as presented. Firstly, I am not sure that this should be part of the same manuscript, as there are already many lines of investigation in it. Secondly, it is unclear what are the major conclusions here. A few examples are presented (essentially, proteasome components and the PKA complex), but it is not clear whether these are isolated cases or whether "the synthesis and degradation rates on the sub-complex level provides important modular information on the composition of the macromolcular complex". For how many different complexes / complex components have these kinds of analyses been possible? How often are there differences at the level of synthesis? Degradation? Intuitively, one would suspect that proteins which are not associated with their natural binding partners may be more subjected to degradation. Does this hold true here? Are there ways to corroborate these observations by an orthogonal approach? It seems like this part of the manuscript is too preliminary at this point.
2) As the title indicates, the key point of the manuscript may be that the protein synthesis (rather than degradation) rates are key regulators of protein expression (besides transcriptional changes) during differentiation. However, this conclusion gets drowned here through all the parallel stories that the authors are developing. Again, this would be nice if the authors could validate some of their data, but also develop their points more in depth. Are we looking at changes in translation due to microRNA regulation? Structures in the 3' and 5'UTR?
3) Sup Figure 1 is a bit confusing. First, the labels don't really align (perhaps color code the desired nodes and labels?). Second, it may be useful to mark the areas of confident change, or at least label the axes differently (i.e. centered on the 0,0 point). How do these categories (and individual proteins) compare to the changes in mRNA levels detected upon differentiation? Note that the somewhat cosmetic changes suggested here may also improve the understanding of Figures 2E and 4C.
4) It was very difficult to make sense of the supplementary tables given the information provided. For example, the authors refer on page 5 to "hundreds of potentially new markers", and then go on to define which of the identified proteins are changing. However, this is not very clear what they mean, and which of the identified (and presumably quantified) proteins are good potential markers. Perhaps the authors should consider adding information regarding their cutoff for changes directly on those Excel files? As it is, these are not tremendously useful. It would also be nice if the GO categories, etc., could somehow be merged onto the source Excel files. Lastly, providing a short description of the content of each Excel file -in addition to the column descriptors, would have been helpful.
5) The comparisons to the mRNA level data can only be carried so far, given that the experiments are not performed here, but simply extracted from the literature. While I realize that this is a common practice, there are certainly limitations to the approach, especially for processes such as the differentiation system used by the authors. What is the variability in the differentiation process and how could this influence the results presented here? 6) I am not completely convinced that much can be done regarding the analysis of human versus mouse cell lines in terms of conservation of degradation through amino acid similarity, as the authors suggest on page 8. The authors are using a single mouse (C2C12) and a single human cell line (THP1), which are from different cellular origin. Of course, their conclusions are largely in agreement with previously published data, but I think you could make their correlation (0.65) fit any conclusion. In fact, if they simply moved to the discussion of Figure 2E and rework it to say that there are commonalities in the protein processes regulated by degradation across two fairly different cell types (and, yes, species) , their conclusions could be much stronger. 7) I could not find "Table 1", mentioned on page 5.
8) The changes in abundance for CD11B and C appear very modest. Was this expected?
Reviewer #2
Kristensen et al have studied the contribution of protein synthesis and degradation rates to overall protein expression levels using SILAC labelling and quantitative mass spectrometry. Previous studies have used similar methods to make conclusions on this question, however, this manuscript differs from other papers in 2 key aspects: (i) The authors have made these measurements over a time course perturbation (differentiation) which facilitates conclusions on the mechanisms used by cells to alter overall protein expression levels in response to a changing environment as opposed to at steady state.
(ii) By incorporating native separations in the form of size exclusion chromatography the authors were able to incorporate information regarding the composition of protein complexes, and thereby determine whether protein synthesis/degradation rates were related to protein complex (or complex subunit) membership. The primary conclusions that arise from the study are firstly, that the primary driver of overall protein levels during cellular differentiation is protein synthesis, and secondly that members of a protein complex/subcomplex share similar synthesis/degradation rates (with certain exceptions that may point toward interesting biology e.g. participation of certain proteins in multiple complexes, etc). These are interesting and relevant findings and should prove to be of general interest to the systems biology community. The manuscript seems technically sound and is clearly written. There are some clarifications required. If the points below can be can be satisfactorily addressed then publication would be recommended. 1. At many points in the manuscript the authors state that the protein synthesis rate is the primary driver in overall protein abundance changes during differentiation and this statement seems to be well supported by the data they present. Speculation that this mechanism applies generally to other perturbations (especially perturbations on a similar time scale to differentiation) is tempting and probably reasonable but is not directly supported by the data in the manuscript. Regulation of key protein levels in perturbed systems by strong degradation is well described in some systems, such as the classical example of p53 in DNA damage. As such, generalizing to any perturbation, and especially for perturbations at faster time scales is risky. The authors touch on this in the discussion ("... acute stimuli ...") but it seems a more balanced discussion of the potential to generalise these results is warranted. 2. Extending from point 1, did the authors find any proteins that were exceptions to the general trend whose levels were strongly degradation driven during the perturbation (in the early time point perhaps) which might point to specialised mechanisms of regulation?
Reviewer #3
Kristensen et al. used quantitative proteomics to monitor protein expression changes during cell differentiation in a human cell line. In principle the study is important as the contributions of protein synthesis and degradation to protein level changes are poorly studied. However, before acceptance of this manuscript can be considered, the major concern below must be successfully addressed. The minor comments may serve to improve the manuscript.
Major concern:
In the abstract and main text the authors say: "the cell changes a protein's synthesis rate up or down either to increase or decrease the amount of that protein" and later in the discussion: "Perhaps the most striking finding here is that the changes in any given protein's expression during differentiation are largely due to changes in the synthesis rate, while the degradation rates remain constant". This statement appears inconsistent with Fig. 5 where, unless I totally misunderstood, it is clearly visible that the degradation rates are not constant but vary in murine cells in the range observed for the synthesis rates. Fig. 5C shows that for decreasing protein levels in differentiating cells the degradation rate has a higher predictive power suggesting that degradation is the predominant mechanism for proteins with decreasing expression. If I understand correctly, the only basis for the conclusion that synthesis rate is the predominant regulator is the correlation plot in Fig. 6A ,B. The authors should clarify why they believe that the relative changes seen in Fig. 5 are not important and do not contribute to a protein expression level change.
Minor comments:
1. Quantitative proteomics reveals mechanisms behind phenotypic changes: "In addition, those proteins altered by differentiation tended to be more intrinsically disordered (P=0.03, Wilcoxon-Mann-Whitney test) ( Fig. 1e ) and were generally lower in abundance (P=2.8·10-5, Wilcoxon-Mann-Whitney test) than the unregulated proteins (Fig. 1f) ." I recommend to leave out Figure 1e and 1f. The observations are not very significant, and the results presented in 1f appear not very solid due to the statistical testing approach used. Also, the figure panels do not give much additional information. The disorder of proteins is shown to play a significant role in stability in Figure 2c anyway, leading to redundancy.
2. Turnover rates of macromolecular sub-complexes: "Proteins within a complex are vastly (P<10-99, Wilcoxon-Mann-Whitney test) closer in Euclidian space than the rest of the proteins (Fig. 3a) ." Is this only apparent for the combination of synthesis and decay rates or could it also be explained by one of the opposing mechanisms. If not, which of the rates has a stronger influence? This must be addressed and at least discussed as the authors otherwise state that synthesis plays the predominant role. 4. Figure 4A : labeling of axis and description is not clear. Of how many data points were the box plots made of? Please better show scatterplots of averaged replicates.
5. "When we examined the correlation of mRNA and proteins expression change at each of the five time points, we observed that the relationship nearly reached a steady state after 24h differentiation, suggesting that extensive post transcriptional regulation is taking place during early differentiation (Fig. 4b) ." If I understood this correctly the mRNA and protein levels compared are each measured at the same time points. In a dynamic adaptation to a certain stimulus, you would however in any case expect a lag between changed mRNA levels and their translation if the steady state is not reached. How can the authors conclude extensive post-transcriptional regulation? This should be deleted or clarified with solid arguments.
6. "with less than 6 % of the genes showing opposite regulation at 48 hours differentiation" -this must be clarified.
7. Modeling the control of protein expression: "If one looks first at the effect of synthesis and degradation rates on overall protein expression, it is obvious that if the synthesis and degradation rates of a protein are equal then the expression of the protein is stable (Fig. 5a-b) ." If I understood this correctly the word stable is used incorrectly in this context. I think the authors mean "steady state levels". Please clarify.
8. Fig. 5a /b: What are the conclusions from these panels? Are these data anti-correlated? If yes this is a nice finding because it shows that cells synthesize proteins they need for differentiation and at the same time stabilize them. Proteins that are not needed are not synthesized any more and also show higher degradation rates. If the authors agree I recommend emphasizing this. 9. Fig. 5d is not clear to me. I do not see an increase in the predictive power of synthesis or degradation rates and I cannot see which part of the text belongs to which part in the figure. This must be clarified or taken out. 
Responses to reviewers:
Reviewer #1
Perhaps the most important contribution here is the generation of the dataset itself: there is currently very little data available that provide global information regarding the rates of synthesis and degradation in mammalian cell systems, especially during processes such as differentiation, which is what is being done here. As such, the entire mass spectrometry data should be make fully available, alongside proper experimental annotation, perhaps via the ProteomeXchange consortium. (Vizcaíno et al, 2013) with the dataset identifier PXD000328.
RESPONSE:
We If the manuscript were to be considered for publication, I would recommend a major effort at rewriting the it (and making it much shorter), and increasing the quality/clarity of the figures and tables.
We There are also other issues with the manuscript:
1) The analysis of co-regulation of turnover rates for proteins in complexes seems like a different (disconnected) story as presented. Firstly, I am not sure that this should be part of the same manuscript, as there are already many lines of investigation in it. Secondly, it is unclear what are the major conclusions here. A few examples are presented (essentially, proteasome components and the PKA complex), but it is not clear whether these are isolated cases or whether "the synthesis and degradation rates on the sub-complex level provides important modular information on the composition of the macromolcular complex". For how many different complexes / complex components have these kinds of analyses been possible? How often are there differences at the level of synthesis? Degradation? Intuitively, one would suspect that proteins which are not associated with their natural binding partners may be more subjected to degradation. Does this hold true here? Are there ways to corroborate these observations by an orthogonal approach? It seems like this part of the manuscript is too preliminary at this point. figure 3A and 3E and shortened the text to exclude some confirmatory points.
2) As the title indicates, the key point of the manuscript may be that the protein synthesis (rather than degradation) rates are key regulators of protein expression (besides transcriptional changes) during differentiation. However, this conclusion gets drowned here through all the parallel stories that the authors are developing. Again, this would be nice if the authors could validate some of their data, but also develop their points more in depth. Are we looking at changes in translation due to microRNA regulation? Structures in the 3' and 5'UTR? Figure 1 is a bit confusing. First, the labels don't really align (perhaps color code the desired nodes and labels?). Second, it may be useful to mark the areas of confident change, or at least label the axes differently (i.e. centered on the 0,0 point). How do these categories (and individual proteins) compare to the changes in mRNA levels detected upon differentiation? Note that the somewhat cosmetic changes suggested here may also improve the understanding of Figures 2E and 4C.
More than one reviewer made a similar point, that there were too many apparently disconnected stories, so we cut figure 2A-D out and eliminated some of the confirmatory points. We are a little surprised about this reviver's point about the lack of validation, however, since a key point of including a second cell line was for its validation value. To our minds this seems like a better approach to validation than trying to pick one protein or complex and validate it using antibodies, shRNA or other similar tools. By using a second cell line we are able to show that the trends we are seeing are consistent for many different aspects and different proteins or complexes and we hope that the reviewer will agree with us in this regard To the role of microRNA and structure in the 3' and 5' UTR, we have included supplementary figure 6 showing the effect of post-transcriptional regulation. Our data points towards this effect serving primarily as fine tuning mechanism, since there is extremely good correlation between mRNA and protein expression after 48 hours differentiation (only seven proteins and genes shows significant opposite regulation). Hereby it is very difficult to do any analysis based on these seven proteins. Furthermore we analyzed if the protein-mRNA expression was further away from the diagonal for genes which miRNA have been shown to be important for THP-1 differentiations

Based on this reviewer's and reviewer 3's comments we have reworked the 2D enrichment analysis figures so the axes align and are centered around 0,0.
We (Lee et al, 2011) and are generally quite a bit higher than the levels of correlation reported in most studies so it would seem that inter-lab differences here have been minimized. 6) I am not completely convinced that much can be done regarding the analysis of human versus mouse cell lines in terms of conservation of degradation through amino acid similarity, as the authors suggest on page 8. The authors are using a single mouse (C2C12) and a single human cell line (THP1), which are from different cellular origin. Of course, their conclusions are largely in agreement with previously published data, but I think you could make their correlation (0.65) fit any conclusion. In fact, if they simply moved to the discussion of Figure 2E and rework it to say that there are commonalities in the protein processes regulated by degradation across two fairly different cell types (and, yes, species) , their conclusions could be much stronger.
We agree with the reviewer, and have deleted figure 2A -D, since none of the reviewers expressed any concern with the method. Hereby we have simply moved forward to Figure  2E as suggested by this reviewer.
7) I could not find " Table 1 ", mentioned on page 5.
We apologies for this and will remember to upload it this time
The most typical way of quantifying the expression of CD11B and C between monocytes and macrophages is by flow cytometry, where the % of positive cells is calculated. From our own estimation of the data from Prieto et al.(Prieto et al, 1994) 
Reviewer #2
(ii) By incorporating native separations in the form of size exclusion chromatography the authors were able to incorporate information regarding the composition of protein complexes, and thereby determine whether protein synthesis/degradation rates were related to protein complex (or complex subunit) membership. The primary conclusions that arise from the study are firstly, that the primary driver of overall protein levels during cellular differentiation is protein synthesis, and secondly that members of a protein complex/subcomplex share similar synthesis/degradation rates (with certain exceptions that may point toward interesting biology e.g. participation of certain proteins in multiple complexes, etc). These are interesting and relevant findings and should prove to be of general interest to the systems biology community. The manuscript seems technically sound and is clearly written. There are some clarifications required. If the points below can be can be satisfactorily addressed then publication would be recommended. 1. At many points in the manuscript the authors state that the protein synthesis rate is the primary driver in overall protein abundance changes during differentiation and this statement seems to be well supported by the data they present. Speculation that this mechanism applies generally to other perturbations (especially perturbations on a similar time scale to differentiation) is tempting and probably reasonable but is not directly supported by the data in the manuscript. Regulation of key protein levels in perturbed systems by strong degradation is well described in some systems, such as the classical example of p53 in DNA damage. As such, generalizing to any perturbation, and especially for perturbations at faster time scales is risky. The authors touch on this in the discussion ("... acute stimuli ...") but it seems a more balanced discussion of the potential to generalise these results is warranted.
We agree with the reviewer that the discussion could be more balanced and have tried to make it so.
2. Extending from point 1, did the authors find any proteins that were exceptions to the general trend whose levels were strongly degradation driven during the perturbation (in the early time point perhaps) which might point to specialised mechanisms of regulation?
We 
Reviewer #3
We believe that this reviewer may have misunderstood figure 5. Nowhere in Figure 5 or the text about figure 5 are we talking about synthesis and degradation rate changes; rather, it is about the contributions that relative synthesis and degradation rates (and mRNA changes) make to the overall protein expression changes. Figure 5A Minor comments:
1. Quantitative proteomics reveals mechanisms behind phenotypic changes: "In addition, those proteins altered by differentiation tended to be more intrinsically disordered (P=0.03, Wilcoxon-Mann-Whitney test) (Fig. 1e ) and were generally lower in abundance (P=2.8·10-5, Wilcoxon-Mann-Whitney test) than the unregulated proteins (Fig. 1f) ." I recommend to leave out Figure 1e and 1f. The observations are not very significant, and the results presented in 1f appear not very solid due to the statistical testing approach used. Also, the figure panels do not give much additional information. The disorder of proteins is shown to play a significant role in stability in Figure 2c anyway, leading to redundancy. 2. Turnover rates of macromolecular sub-complexes: "Proteins within a complex are vastly (P<10-99, Wilcoxon-Mann-Whitney test) closer in Euclidian space than the rest of the proteins (Fig. 3a) ." Is this only apparent for the combination of synthesis and decay rates or could it also be explained by one of the opposing mechanisms. If not, which of the rates has a stronger influence? This must be addressed and at least discussed as the authors otherwise state that synthesis plays the predominant role. We agree with the reviewer and have labeled the box-plots, added figure legend and added the number of data points in figure legend. Figure 4A : labeling of axis and description is not clear. Of how many data points were the box plots made of? Please better show scatterplots of averaged replicates.
4.
We have included the number of data points in the figure legend, however we do not agree that it would better to show scatterplots, since then the standard deviation between replicates is then obscured.
5. "When we examined the correlation of mRNA and proteins expression change at each of the five time points, we observed that the relationship nearly reached a steady state after 24h differentiation, suggesting that extensive post transcriptional regulation is taking place during early differentiation (Fig. 4b) ." If I understood this correctly the mRNA and protein levels compared are each measured at the same time points. In a dynamic adaptation to a certain stimulus, you would however in any case expect a lag between changed mRNA levels and their translation if the steady state is not reached. How can the authors conclude extensive post-transcriptional regulation? This should be deleted or clarified with solid arguments. (Fig. 4b) .
It is correctly understood that
We agree with the reviewer this was not clear and have changed the sentence to: p.10 Interestingly, however, proteins and mRNAs that were being up-or down-regulated during differentiation were much more highly correlated, with less than 6 % of the significantly changing genes showing anti-correlation at 48 h differentiation, suggesting that post-transcriptional regulation such as miRNA and 3' and 5' UTRs is mainly just fine tuning the levels of these proteins after 48 h stimulation.
Thank you for pointing this out. We have now changed the text to use 'steady state' 8. Fig. 5a /b: What are the conclusions from these panels? Are these data anti-correlated? If yes this is a nice finding because it shows that cells synthesize proteins they need for differentiation and at the same time stabilize them. Proteins that are not needed are not synthesized any more and also show higher degradation rates. If the authors agree I recommend emphasizing this. (Fig.  5a-b ).
However we would like to emphasize that one should NOT conclude from this figure anything about protein synthesis or degradation changes in response to differentiation, since it only shows the relative synthesis and degradation rates during differentiation. Fig. 5d is not clear to me. I do not see an increase in the predictive power of synthesis or degradation rates and I cannot see which part of the text belongs to which part in the figure. This must be clarified or taken out.
9.
We had tried to make the point that when trying to predict the ultimate changes in protein expression protein expression from mRNA changes, one gains more predictive power if one also knows the relative synthesis and degradation rates of the proteins, which can be seen in the bar-plot as the whole bar being much larger than just the bars representing mRNA. In an attempt to clarify this we have changed the order of the parameters on the bar chart, so that the contribution to the model of mRNA is at the bottom with contributions from synthesis and degradation rates above, so the increase in prediction powers can easily be seen as the increase in height of the bars above the mRNA.
